patients with transposition of the great arteries had a modification of Mustard's operation designed to avoid damage to the sinus and atrioventricular nodes. Of these, 88 had an atrial baffle alone from which nine hospital and four late deaths occurred (total mortality 14.8%); 32 had additional closure of ventricular septal defect and/or relief of left ventricular outflow tract obstruction from which six hospital and three late deaths occurred (28%).
pathways ',9 or to a combination of these.
At the Brompton Hospital one surgeon has used a standardised technique specifically designed to avoid nodal damage, but making no attempt to preserve the postulated specialised internodal pathways. A review of the postoperative standard electrocardiograms from patients having this modified operation revealed fewer arrhythmias than did studies reported by other workers. In order to evaluate this further, we have examined pre-and postoperative standard electrocardiograms and both pre-and postoperative 24-hour electrocardiograms whenever possible on patients undergoing Mustard's operation. The results of both the standard and 24-hour recordings form the subject of this report.
Patients, surgical techniques, and methods
One hundred and twenty patients aged between 2 weeks and 8 years were operated upon at the Brompton Hospital by one surgeon. Of these, 96 patients had undergone a previous balloon atrial septostomy, three patients had had atrial septectomies, and 21 patients had had neither procedure. Eighty-eight patients had placement of an atrial baffle alone (simple Mustard's operation). In four this was a palliative procedure, a ventricular septal defect being left open because of the presence of pulmonary vascular obstructive disease. There were 13 deaths in this group (14.8% mortality), four of whom had pulmonary vascular disease. Of these deaths, nine were perioperative and four were late deaths after discharge from hospital. Thirty-two patients had additional closure of ventricular septal defect and/or relief of left ventricular outflow tract obstruction (complex Mustard's operation), and nine died (six early and three late deaths, total mortality 28%). Standard 12 lead electrocardiograms were recorded before operation in all patients from both groups and after operation on the 105 patients who left hospital. Follow-up recordings were made on 69 patients at three months, 63 patients at six months, 51 at one year, 41 at two years, and 28 at three to four years after operation. Twenty-four-hour electrocardiograph tape recordings were performed on a total of 58 patients; 19
had both pre-and postoperative recordings and included 13 with simple and six with complex transposition. Twenty-four-hour recordings were made at times ranging from two weeks to four years after the operation and more than one recording was made on the majority of subjects. These (Fig. 2) . Heart rates between 40 and 50 per minute, junctional escape rhythms, electrocardiographic patterns of 2:1 Wenckebach and complete sinuatrial block (Fig. 3) Cardiac rhythm and conduction present in the 19 patients as frequently before as after the operation (Table 2 ) and were not classified as 'abnormal' cardiac arrhythmias. One child in whom the rate was 45 to 50 per minute before operation had a rate of 35 to 40 per minute one year after operation.
(2) Additional postoperative data (a) Simple Mustard's operation (Table 4) . Of 30 patients studied, three had abnormal arrhythmias (10%). These consisted of episodes of supraventricular tachycardia in two patients with additional atrioventricular block in one case (Fig. 4) (3) Artefact problems A common problem when analysing the 24-hour electrocardiogram was to differentiate sinus tachycardias from arrhythmias. There were two main reasons for this difficulty. Firstly, at high heart rates P waves were often obscured and the single lead nature of the recording did not help. Secondly changes in electrode contact leading to variation in QRST configuration gave the appearance of aberrant ventricular conduction (Fig. 9) ; measurement of RR intervals before and after the onset of QRST wave changes may help interpretation.
(C) DEATHS (Table 6) Twenty-two (18%) of the 120 patients have died and seven of these were late deaths. Two of these late deaths were associated with pulmonary Similarly, in Table 7 we have documented episodes of bradycardia described in the normal population which have heart rates previously interpreted by other workers (when found after Mustard's operation) as being acquired and abnormally slow. These findings in healthy infants and children are similar to those of Brodsky et al.14 who showed similar rhythm patterns and rate variations in healthy adults.
The relatively few acquired arrhythmias in our postoperative patients are not only the result of excluding certain rhythm and rate patterns on the grounds that they occur in the normal population, or that they are present before operation. The low prevalence appears to be related to certain aspects of the surgical approach. For instance, the techniques of cannulation of superior and inferior vena cavae and the suturing of the periphery of the baffle to the cut edge of the atriotomy are designed In our opinion if the true prevalence of dangerous late arrhythmias is to be determined, 24-hour electrocardiograms should be recorded on all postoperative patients.
Our study suggests that by using a modification of Mustard's operation," postoperative conduction disorders and arrhythmias may be largely avoided. In diagnosing these arrhythmias, normal data from healthy children should be taken into account. None the less, despite the low incidence of arrhythmias in our series, some of the sudden late deaths, particularly those associated with complex procedures, appear to result directly from acquired arrhythmias and may well be preventable.
